INTRODUCTION
Throughout the years, the diagnosis of parasitic infections and the study of the systematics, epidemiology and population biology of parasites have been approached from many perspectives including, but not limited to, the comparison of morphological characters, pathogenicity, relative infectivities and the host range of the parasite. Probably the most popular methodologies used today in the diagnosis of disease are based upon the immune response to parasitic infections and the development of monoclonal antibodies to well-defined and specific antigens. The application of comparative isoenzyme analysis has also proved to be an invaluable tool in identifying and characterising parasites and in studying the variability that occurs within parasite populations. With this method, structural proteins with differences in amino acid composition will normally show variations in electrophoretic mobility, though minor differences are often difficult to perceive. Results from protein-based methods can, however, be influenced by external factors (31) which may affect gene expression at the transcriptional, translational or even post-translational levels. Thus, information on the level of normal variability within a particular set of alleles becomes a critical parameter for interpreting isoenzyme data and determining whether the observed differences can be attributed to intraspecific variation.
Within the past decade, the application of molecular biological techniques such as DNA sequencing, repetitive DNA probes and restriction enzyme analysis of repetitive DNA fragments to the investigation of parasitic diseases has provided additional means by which diagnosis and phylogenetic studies can be performed. Because the evolution of molecular and morphological characters are to some extent uncoupled (58) and the display of conservative morphology is not uncommon within some groups of nematodes, DNA sequence data have become increasingly important in studying evolutionary histories. Further, the identification of species-and subspecies-specific DNA sequences that can be utilised as single-stranded probes form the basis for a new class of diagnostic characters which are less ambiguous and subjective than diagnosis based upon morphological and biological characters.
Given that under normal conditions, the DNA content of a parasite is essentially invariant throughout its many life-cycle stages and does not respond to short-term environmental stress as do gene products, DNA analysis need not be limited to only one stage of the parasite. This fundamental principle becomes increasingly important when investigations are performed on ruminant nematodes, such as those of the genera Haemonchus, Ostertagia and Cooperia, where isolation of good quality DNA from fully embryonated eggs can be more difficult than the isolation of DNA from the larval or adult stages of the parasite. In rare instances, where chromatin diminution has been observed as in the genus Ascaris (11) , changes of this nature are initiated within the first several cleavages following embryonation and usually completed within several cell divisions. Also, changes of this nature seem to be limited to somatic cells. Thus, even in these rare instances, the integrity of the DNA can be relied upon and it remains essentially invariant throughout all life-cycle stages. Moreover, the direct analysis of genetic variation at the DNA level, specifically at the level of sequence analysis, clearly represents the highest degree of resolution from which to approach phylogenetic studies and for developing species-and subspecies-specific diagnostic DNA probes.
The application of molecular techniques to the diagnosis and phylogenetic analysis of human parasites and the free-living nematode Caenorhabditis elegans has advanced quite rapidly in recent years whereas very little information has been collected on nematode parasites of veterinary importance. Therefore, examples will be discussed of how this methodology is being used today to study the characterisation of nematodes within the genus Trichinella and how it can address the problems encountered in parasite diagnosis and phylogenetic classification for other nematodes of veterinary importance.
CHARACTERISATION AND DIAGNOSIS OF TRICHINELLA SPIRALIS USING REPETITIVE DNA
Trichinella spiralis is a parasitic nematode of world-wide significance capable of infecting nearly all warm-blooded animals. It is transmitted by the consumption of undercooked meat products harbouring the infective larvae. Once ingested, the muscle tissue as well as the cyst which encapsulates the larvae are degraded by gastric juices. The liberated larvae then pass to the small intestine where they embed themselves in columnar epithelium and rapidly undergo four moults to the adult stage after which male and female worms mate. The newborn larvae discharged from the female work their way into lymph or blood vessels and eventually to arterial circulation where they can migrate to any host tissue but can survive only in skeletal muscle. The muscle cell is invaded by the larvae and within 17-21 days post-infection a cyst or "nurse cell" develops around the infective parasite thus completing the cycle.
Prior to 1972, the genus Trichinella was considered to be monospecific. Since that time, however, evidence has been advanced suggesting that this genus exists as a more complex group. Four separate species have been proposed: T. spiralis, T. nativa (13) , T. nelsoni (13) and T. pseudospiralis (26) , based upon differences in host infectivity, geographic location and, in the case of T pseudospiralis, the absence of the cyst wall which normally encapsulates the infective larvae with the host tissue. Others contend, however, that classification should be at the level of subspecies in light of the fact that no distinguishing surface morphological characters have been identified (40) and the potential for cross-hybridisation between populations has not been addressed adequately (20) . Additional phenotypic (5, 6, 8) and isoenzyme data (25, 45) have further supported the complexity of this genus. Even with the information presently available, however, the correct classification of the biological populations within Trichinella has remained an unsettled question.
Recently, Pozio et al. (47) and La Rosa et al. (39) concluded from isoenzyme data that a separation in gene pools exists between parasite populations making the genus Trichinella more complex than originally believed -consisting of at least seven distinct genotypes and not four as suggested earlier. However, as more information becomes available on T. spiralis, what may appear as a clear separation based upon one method could become misleading in the larger picture of phylogenetic classification. Clearly, the need to approach this issue from a different perspective has become increasingly important as the question of classification continues to unfold.
Efforts to apply molecular biological techniques to problems of diagnosing and classifying populations within Trichinella were initiated using restriction enzyme fragment length polymorphisms (RFLP's) of genomic DNA (16, 17, 21) . Restriction enzymes are endonucleases which recognise specific base sequences within DNA and digest the DNA at those sites, thus generating a unique set of DNA fragments of different sizes. After separation by gel electrophoresis and staining with ethidium bromide, these restriction fragments give a banding pattern that is unique to the genotype. In the initial work by Curran et al. (17) , highly repetitive sequences were identified in restriction endonuclease digested DNA isolated from T. spiralis and T. pseudospiralis that could be used to differentiate parasites of this genus. Work which followed expanded the analysis to include T. spiralis isolates found in mammals from northern Canada (33) . The success of using stained gels, however, depends upon the existence of highly repetitive sequences within the DNA, as evidenced by the heavily stained bands in T. spiralis DNA shown in Fig. 1 .
Whereas the differentiation of the genus Trichinella can be accomplished by gel staining, this same technique is not universally applicable as can be seen in the DNA from two different strains of Haemonchus contortus (Fig. 1) . The genomes of these nematodes do not appear to have significant numbers of highly repeated sequences Restriction endonuclease digestion and agarose gel electrophoresis of nematode genomic DNA DNA was purified as described (60) , then digested with the appropriate restriction enzyme and separated by agarose gel electrophoresis. Genomic DNA was stained with ethidium bromide and photographed under ultraviolet illumination. Intensely stained fragments depict highly repetitive sequences. Designations for T. spiralis isolates in lanes 1-5 are described here and in Table I : (1) Belt Pig; (2) T. pseudospiralis; (3) T. spiralis (Zagreb isolate); (4) TZ-1; (5 PB-1; (6, 8, 10) H. contortus drug resistant strain; (7, 9, 11) H. contortus drug sensitive strain. Restriction endonucleases used for digestion are as follows: lanes 1-5, Dra I; lanes 6 and 7, Kpn I; lanes 8 and 9, Sst I; lanes 10 and 11, Sma I. which can be easily resolved on stained gels, as demonstrated by the absence of intense bands in RFLP's of genomic DNA. Similar results have been observed with restriction endonuclease digestion of genomic DNA from Ostertagia and Ascaris as well (personal communication). Because of problems visualising fragmentation patterns on stained gels and the inability to determine the interrelationship between observed bands, the analysis of RFLP's is often carried out using radiolabelled or enzyme-linked DNA probes. Probes can be used to screen RFLP's of DNA transferred from agarose gels to nitrocellulose (54) or total genomic DNA which has been spotted directly onto nitrocellulose membranes (dot blots). Because of the sensitivity of this procedure, DNA probes can be generated from either high or low copy sequences; however, highly repeated sequences are generally chosen because of increased sensitivities. Also, non functional highly repeated sequences are often not conserved and are likely to be specific to a species or group of closely related species (22) , making them prime candidates for use as diagnostic probes.
Two such highly repetitive DNA probes were independently identified from T spiralis genomic DNA using two different approaches. Both cloned sequences distinguish between the domestic pig genotype of T. spiralis and sylvatic isolates by Southern blot (54) and dot blot analyses. Klassen et al. (34) systematically cloned a 1.7 kb DNA sequence, designated pPRA, which was identified from ethidium bromide-stained Eco R1-digested genomic DNA. pPRA represents approximately 2% of the parasite genome and under stringent hybridisation conditions binds strongly to DNA from domestic pig isolates as well as sylvatic isolates presumed to be of the pig type, as verified by RFLP analysis of repetitive sequences; however, weak hybridisation has been observed with T. pseudospiralis as well. Dame et al. (18) used a less systematic method to identify a similar repetitive sequence by screening a randomly generated genomic library with the homologous T. spiralis genomic DNA and picking clones which gave the strongest signals. One clone, designated pBP 2, hybridised specifically to genomic DNA from pig isolates of T. spiralis (Fig. 2) . The positive hybridisation of pBP 2 was further correlated to pig infectivity indices (ratio of the number of larvae recovered in 100 grams of tissue to the number of larvae infected), where those isolates, showing an index of greater than 1.0 also hybridised strongly to the pBP 2 probe (Table I) .
Though the "shotgun" method used for identifying the pBP 2 diagnostic probe was relatively random in nature and not as systematic a method as the cloning of the 1.7 kb repetitive DNA fragment performed by Klassen et al. (34) , evidence was available at that time suggesting that this random method could indeed be successful. Using total genomic DNA in cross-hybridisation studies, Chambers et al. (16) demonstrated that sufficient differences existed in the highly repetitive sequences between the major types of T. spiralis. In addition, they showed that total DNA alone may be applicable as a diagnostic probe. Similar work using total DNA as a diagnostic probe has been performed with the protozoa Trypanosoma cruzi (2, 3) and Plasmodium falciparum (42) to detect parasitaemia in mammalian blood. A major drawback to this method -given the regions of homogeneity in many of the conserved functional genes within an organism -is ensuring that no cross-reactivity occurs with other parasites common to the same host. Also, since T. spiralis larvae use the bloodstream for only a short period of time for transportation through the host and at a level of parasitaemia which is magnitudes less than that observed with protozoa and some filarial nematodes, it is unlikely that DNA-based diagnostics will be practical for the direct detection of the newborn larval stage of development. With the filarial probe: pBP-2
Dot blot analysis of T. spiralis isolates using pBP 2 probe
Genomic DNA's (0.5 ug) were denatured and treated as described (18) then filtered through a nitrocellulose membrane. The membrane filter was incubated with radiolabelled pBP 2 probe, washed under moderately stringent conditions then autoradiographed. The pBP 2 probe hybridised with pig genotype T. spiralis DNA only. Results are further summarised in Table  I . Abbreviations for T. spiralis isolates are defined in Table I . Position A1, Belt Pig; A2, Maine Pig; A3, SC Pig; A4, Thai Pig; A5, Bobcat-1; A6, PB-4; A7, Racc-1; A8, SK-1; A9, UPB-6; A10, UPB-8; B1-B4, WB; B5, Racc-2; B6, Griz-1; B7, PB-1; B8, Penn Fox-1; B9, UPB-3;
BIO, T. pseudospiralis.
nematode Brugia, on the other hand, a repetitive DNA probe has been identified (43) which is genus-specific and which can be used to detect a single parasite in blood samples taken from an infected host.
RIBOSOMAL DNA FOR DIAGNOSIS AND IDENTIFICATION
Repetitive sequences can be grouped into two broad categories: those which are non-functional and make up a large portion of spacer DNA within the genome similar to those described in the generation of probes, and those which are functional genes that are partially conserved between species as are the ribosomal RNA genes, histone genes and mitochondrial genes. Because of their conserved nature, ease of isolation and abundance within the genome, ribosomal DNA (rDNA) sequences have been most widely studied for classification and creating phylogenetic trees. Ribosomal RNA genes occur in many copies within the genome and have an overall structure that is quite similar among all eukaryotes (41) . In general, rDNA consists of tandemly repeating units arranged in a head-to-tail fashion. Each repeating DNA unit consists of intergenic non-transcribed spacer sequences at the 5'-end of the repeating unit, followed by the external transcribed spacer, the small rRNA gene, the 5.8S rRNA gene flanked on both sides by smaller internal transcribing spacer sequences, and finally the large rDNA (Fig. 3) . Both sequence analysis and gene mapping of variable regions within the rDNA have been used for proposing taxonomic relationships and for identifying and characterising species and subspecies. The nontranscribed spacer is a highly variable region both at the species and subspecies levels and can be equally variable between rDNA tandemly repeated units within the same organism. The rRNA genes from T. spiralis genotypes are examples where the repeating unit varies in length between 10 kb and 30 kb due to sequence variability within the intergenic spacer (12, 60) . The rDNA of three of the major T. spiralis genotypes which were cloned and mapped by Boyd et al. (12) is shown in Fig. 4 . Strong similarities exist within the coding regions of all three genotypes whereas significant differences are present in the non-transcribed repeat both between and within each genotype. It is unlikely, therefore, that the sequences within the intergenic region will prove useful in phylogenetic studies.
Zarlenga et al. (60, 61) subcloned the complete coding regions for the large and small rRNA subunits of T. spiralis into three fragments generated by Dra I digestion of the rDNA repeat. These three fragments, designated pTSr 4.8, pTSr 2.2 and pTSr 1.8, code for the 3'-end of the large rRNA, the entire small rRNA subunit and the 5'-end of the large rRNA, respectively. Each fragment was physically mapped (60) and used to characterise T. spiralis isolates (61) . Data indicated that the presence of the 4.8 kb band in Southern blots of Dra I digested DNA was characteristic of the pig type T. spiralis (Fig. 5) . Low pig infectivities (< 1) observed with T. spiralis isolates lacking the 4.8 kb fragment supported these findings (Table I ) and correlated well with results observed using the pBP 2 repetitive DNA probe described earlier.
These results further demonstrated that T. spiralis exists in at least six different genotypes, a seventh of which has been seen in isolates from Europe (data not shown). These results correlate well with isoenzyme data (39, 47) . Screening the same Southern blots with the 2.2 kb and 1.8 kb Dra I fragments (Fig. 5) demonstrated that a 0.7 kb band which originates from the 5'-end of the large rDNA fragment was present in T. spiralis nativa isolates of Arctic origins only, though this does not necessarily correspond to the freeze-resistant biotype (15) . RFLP patterns suggest that T. spiralis nativa may be evolutionarily more similar to T. spiralis spiralis (pig genotype) and that T. spiralis nativa isolates can be subdivided into three or more subgroups.
FUTURE TRENDS IN PARASITE DIAGNOSIS
While application of DNA to the diagnosis and characterisation of nematodes is on the rise, general diagnostic methodologies based on DNA elements are rapidly emerging as well. In situ hybridisation (27) , or the detection and localisation of specific RNA sequences at the cellular level using DNA probes, is evolving as a method which may one day be adaptable to the diagnosis of T. spiralis infections within sylvatic host tissue. The location of the infection within the muscle tissue, the inability to distinguish morphologically between T. spiralis genotypes and the generally low worm burdens which occur in sylvatic hosts make this method particularly applicable for epidemiological studies and investigations on modes of parasite transmission. A single parasite in formaldehyde-fixed tissue samples can presumably be diagnosed and differentiated from other T. spiralis genotypes providing appropriate DNA probes have been developed. Phylogenetic studies at the single cell level have been performed using ribosomal RNA-based, fluorescently-labelled, oligonucleotide probes to identify formaldehyde-fixed microbial organisms (19, 30) . Ribosomal RNA's provide interesting targets for the development of such probes and for parasite diagnosis and classification given their ubiquitous nature, their abundance within all eukaryotic cells and the existence of variable regions both within and between the genes encoding mature rRNA.
A second method which may permit the characterisation of specific nematode isolates at the level of a single parasite is the polymerase chain reaction (PCR) which is of growing importance in the field of DNA diagnostics. PCR utilises oligonucleotide primers in the presence of a thermostable DNA polymerase to amplify specific Southern blot analysis of genomic DNA from twelve isolates of T. spiralis using 32 P-labelled total RNA as probe DNA (2 ug) was digested with restriction endonuclease Dra I, separated on a 0.8% agarose gel then transferred to a nylon membrane, according to Southern (54) . The membrane was probed with radiolabeled total RNA as described (60) and autoradiographed. Isolate DNA's are indicated above. The 4.8 kb and 0.7 kb fragments were observed in DNA from pig and arctic isolates of T. spiralis, respectively. Results are summarised in Table I. sequences which are flanked by the primers and predetermined to be specific for the species, subspecies or population of interest. Because PCR amplifies sequences about 10 5 -10 6 times, this method can be applied at the level of a single parasite and has been shown to be capable of differentiating closely related subspecies as described in the detection of Trypanosoma congolense and T. brucei (44) . This technique has the advantage of combining high sensitivity and specificity for detection in the presence of small amounts of parasite DNA and in a non-radioisotope-based test.
Still another major contribution to diagnostics based upon DNA analysis is due to pulse field gel electrophoresis (PFGE). PFGE is an agarose-based gel electrophoresis technique similar in principle to RFLP's but capable of separating megabase pair DNA molecules (52) where the limit of separating DNA fragments by standard procedures does not exceed 50 kb in size. Both special electrophoresis equipment and special techniques for extracting and handling DNA are required. In the study of intact whole chromosomes, this technique has been limited to simple eukaryotes such as the protozoa Trypanosoma brucei (56) , Leishmania (28) and Plasmodium falciparum (57) ; however, with the advent of new restriction enzymes which digest DNA infrequently enough to create molecules 10 5 to 10 6 basepairs in size, the study of larger chromosomes such as those found within T. spiralis and other more complex nematodes can be accomplished.
DNA SEQUENCE ANALYSIS IN THE CLASSIFICATION OF NEMATODES
The preceding sections have discussed techniques utilising DNA analysis for the diagnosis and identification of species or strains. However, the use of DNA analysis can also be expanded to include beta taxonomy (i.e. the arrangement of described species or strains into a natural classification system). The use of DNA has recently become widespread in the determination of relationships among species although these techniques have been applied only infrequently to nematodes (46) . The techniques appropriate for comparing species and groups of species vary depending on the evolutionary distance between the taxa. Relationships among closely associated strains or species are most frequently examined using restriction endonuclease mapping of mitochondrial or genomic DNA, or nucleic acid sequences from rapidly changing regions of the genome or organelles (particularly mitochondrial DNA or ribosomal DNA non-coding spacer regions). More distant relationships among taxa are usually revealed using nucleocytoplasmic ribosomal RNA or DNA sequences or, less frequently, total genomic DNA/DNA hybridisation. Sequences or distance matrices based on sequencing or hybridisation studies are then analysed by one or more treebuilding algorithms. All of these algorithms are intended to recapitulate the phylogenetic history of the organisms included in the analysis although the computational basis of each algorithm is different.
Intraspecific relationships
Restriction endonuclease studies have not been carried out on any nematodes to determine evolutionary relationships among closely related organisms. However, Klassen et al. (33) have used restriction endonuclease analysis to determine repetitive sequences in the genomes of six isolates of T. spiralis in an effort to characterise strains. The authors were able to demonstrate large differences between three distantly collected isolates of T. spiralis. Differences were even observed in three isolates from northern Canadian mammals where a wolverine isolate was distinct from fox and polar bear isolates. The analysis demonstrated that total genomic DNA digests from closely related nematode strains may provide phylogenetically informative characters. Similarly, Zarlenga and Murrell (61) used restriction mapping of cloned portions of the ribosomal RNA genes from Trichinella isolates for characterisation.
Mitochondrial DNA (mtDNA) is a circular extrachromosomal molecule comprising as much as 10% of the total genetic content of eukaryotic cells. It is particularly well suited for examining intraspecific variation and relationships for two reasons. First, mtDNA is transferred in a strict maternal manner (in most taxa) which simplifies determination of lineages. Second, although mtDNA encodes virtually the same set of genes in nearly all eukaryotic genomes, the inherent mutation rate of mtDNA appears to be significantly greater than genomic DNA (4). For example, the mitochondrial enzyme gamma-DNA polymerase is about five times more likely to permit nucleotide infidelity during replication than is nuclear DNA polymerase alpha (36) . In general, the rate of nucleotide substitution in mtDNA is about three times that of nuclear DNA, although the actual substitution rate per site may vary considerably depending on the evolutionary constraints on that site (9) . Two methods of analysis have been used for examining evolutionary relationships using mtDNA: restriction endonuclease mapping and sequence comparisons. To date, nematode mtDNA has not been examined to determine phylogenetic relationships using either method. The application of restriction site mapping using mtDNA to vertebrates has been highly successful at the population level. For example, Bermingham and Avise (7) correlated mtDNA restriction site distribution among populations of bowfin fish [Amia calva) with geographically distinct collection localities. Also, Angelici et al.
(1) used multifactorial analysis on kinetoplast DNA, a unique form of mtDNA, to study genetic relationships and diversity within Leishmania infantum. It is likely that mtDNA restriction site mapping can be used to infer nematode phylogenetic relationships among morphologically indistinguishable taxa as well. However, restriction endonuclease analyses, like allozyme analyses, are based on qualitative characters which are examined in an indirect manner, on the basis of their relative electrophoretic mobilities. Cross-hybridisation studies may be required to confirm the identity of questionable restriction fragments. An analysis based on electrophoretic patterns may require the construction of a complete data matrix for each new analysis. In contrast, once a DNA or RNA sequence has been obtained from a particular taxon, the sequence can be used thereafter for comparison with any additional species or strains without the need for further sequencing. It will be interesting to see whether sequence data will form the basis for defining the holotype of the future.
Mitochondrial DNA sequencing of nematodes has been reported only rarely (59) . From this work, the authors inferred that the mitochondrial tRNA's of nematodes are unique. It is likely, therefore, that the determination of additional mtDNA sequences can clarify phylogenetic relationships among zooparasitic nematodes provided that sufficient genetic material can be generated for mtDNA analysis.
Interspecific relationships
Nucleocytoplasmic DNA or RNA sequences have rarely been used to determine phylogenetic relationships among nematode species. In all cases where this has been done, direct, reverse transcriptase-mediated sequencing of ribosomal RNA has been used (29, 48, 49) . In this method, sequences are obtained by annealing oligonucleotide primers to bulk cellular (nucleocytoplasmic) RNA. The oligonucleotides are complementary to the single-stranded RNA obtained from the large (28S-like) subunit of the cytoplasmic ribosomes (IsRNA). An RNA-dependent DNA polymerase (reverse transcriptase) obtained from avian myeloblastosis virus is used for chain elongation in place of DNA polymerase and subjected to standard dideoxy-nucleotide chain termination techniques (51) . One drawback to the use of bulk cellular RNA as a sequencing template is the large amount of parasite material required to perform sequencing reactions. Recently, Böttger (10) has described a method of amplifying a segment of the gene which encodes for the small subunit RNA from a modest amount of genomic DNA using the polymerase chain reaction. This procedure significantly decreases the amount of parasite material required to determine partial ribosomal RNA sequences. Regardless of the method of obtaining parasite material, the resulting sequences are aligned by eye prior to application of a phylogeny reconstruction programme. The reconstruction programme utilises differences between the aligned sequences (nucleotide substitutions, deletions or insertions) to infer ancestral relationships. One advantage proposed for sequence data is that "homology" of characters is assured because the identity of a particular nucleotide at a particular site can usually be determined unambiguously. However, this does not infer that two identical nucleotides which share the same position in sequences obtained from two distinct taxa are necessarily phylogenetically homologous. Homologous sites (characters) share a common evolutionary history (23) whereas identical nucleotides in the same position are simply isologous. Homology can be determined only on the basis of a known or hypothesised evolutionary history. In the case of the sequences obtained from nematode IsRNA's, trees were constructed using the rates of nucleotide replacement (K nuc values) (29, 48) . The resulting trees (see Fig. 6a ) suggested that the nematodes are not a monophyletic assemblage of taxa (i.e. they do not share a single common ancestor). This surprising result inferred that nematodes arose independently from more than one ancestor. This unlikely conclusion appeared to be an artefact of the method of tree construction (see below for a discussion of tree-building philosophies). Nadler (46) reanalysed the data of Gill et al. (29) using a maximum-parsimony algorithm and concluded that the nematodes are indeed a monophyletic grouping (Fig. 6b) . These conflicting results which are based on identical sequence data highlight the effects that the method of analysis can have on hypothesised phylogenetic relationships.
In addition to ribosomal sequence data, DNA/DNA hybridisation can be considered a potential method of inferring relationships among taxa which are moderately closely related. The technical details of the methods involved can be found in Sibley and Ahlquist (53) where the technique has been applied to estimate relationships among birds. As yet, DNA/DNA hybridisation has not been used in a phylogenetic context with nematodes although the procedure has potential in this regard. Springer and Krajewski (55) provide a reasoned discussion of the advantages and difficulties of the technique.
Relationships among higher taxa
Ribosomal RNA's are one of only a few classes of nucleic acid molecules suitable for inferring more distant relationships among taxa. Most commonly used are the 
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Comparison of phylogenies generated using two different tree building algorithms a) Relationships are shown of six nematodes among other eukaryotes using K nuc values calculated from sequences obtained by direct partial sequencing of the 28S ribosomal RNA (29) . Relationships were reconstructed using a distance method (UPGMA). The nematodes do not form a monophyletic grouping. The branching order of this phenogram would imply that C. elegans and N. dubius arose earlier than, and independent from, other nematodes.
b) The same sequence data analysed by Nadler (46) using a maximum-parsimony algorithm (PAUP) supported a monophyletic grouping of the six nematodes. This supports the hypothesis that the unique morphological characteristics of nematodes arose only once and that all extant taxa arose from this ancient common ancestor.
5S and 16S-like ribosomal RNA subunits derived from cytoplasmic ribosomes (38) . The 5S molecule is remarkably conserved among distantly related taxa. Small subunit (16S-like) ribosomal RNA sequences have been used to infer relationship among extant taxa (14) . In this analysis, nematodes represented by Caenorhabditis elegans were hypothesised to have arisen relatively early in the radiation of eukaryotic life.
METHODS OF INFERRING PHYLOGENIES
Perhaps of greater concern to any researcher than the acquisition of appropriate DNA data is the analysis of the resulting data matrix or sequences. The underlying assumptions and merits of the various reconstruction algorithms have recently been discussed by Felsenstein (23) . More importantly, the conditions under which these reconstruction algorithms are known to fail have been tested by Saitou and Imanishi (50) . None of the methods are infallible; however, the conditions under which they fail differ. All methods become more reliable as more data become available. The two widely used methods of phylogenetic reconstruction using DNA or RNA data are maximum-parsimony methods (e.g. Wagner trees) or distance methods (e.g. the Fitch-Margoliash or Unweighted Paired Group Method with Arithmetic means (UPGMA) methods).
Parsimony
Maximum parsimony continues to be the most commonly utilised method of inferring phylogenetic relationships among taxa. The method uses "minimum evolutionary change" as its criterion for deciding among possible arrangements of taxa. Using sequence data as an example, the method arranges taxa to minimise the number of substitutions, deletions and/or insertions necessary to explain the differences among sequences obtained from the taxa in the analysis. If one arrangement of taxa required x hypothesised changes and a second required x + 1, the tree topology requiring x changes would be most parsimonious (fewer evolutionary steps hypothesised) and therefore would be the preferred tree. In the most commonly used variant of this method, the Wagner model (35) , the number of character state changes and their direction (i.e. from ancestral to derived and vice versa) are not constrained. Maximum parsimony is well suited for sequence and restriction map data but cannot be used with distance measures such as K nuc values or DNA/DNA hybridisation data (see below). Maximum parsimony analyses are generally too complex to complete by hand except for trivial cases. Therefore, computer-based programmes have been devised to calculate the most parsimonious tree(s) of more realistically sized data sets (e.g. Phylogenetic Analysis Using Parsimony (PAUP), Dr D.L. Swofford, Illinois Natural History Survey, Urbana, Illinois, USA; PHYLIP, Dr J. Felsenstein, Department of Genetics, University of Washington, Seattle, Washington, USA).
Distance methods
Distance methods utilise distance measures (such as DNA/DNA hybridisation data) or transformed character state data (from sequences or restriction site maps) to infer phyletic distances and relationships among taxa. The most common transformation of sequences is the determination of the rates of substitutions for all pairwise comparisons of aligned sequences (32) . UPGMA techniques are commonly used for constructing phenograms of relatedness based on distance or transformed character state data. However, this method must assume a quasi-clocklike accumulation of differences between taxa or it may generate relationships which do not reflect evolutionary history of the taxa in the analysis (23) . The Fitch-Margoliash method uses the same data but is able to account for limited differences between rates of change in different taxa in the analysis (24) so long as these differences in rate of change are not too great (23) . Distance methods are suitable for data sets which cannot be coded as multiple discrete characters (for example DNA/DNA hybridisation data) but are generally not preferred for character state data such as RNA or DNA sequences, or restriction endonuclease site maps where maximum-parsimony appears to provide a better estimate of phylogenetic relationships.
Other methods
Maximum likelihood methods use a statistical estimate of the probability of a particular tree generating observed sequences under a particular model of base substitution. Essentially, given a particular model of base substitution and the aligned sequences from taxa of interest, the maximum likelihood method chooses a tree topology which is most likely to have generated the observed data set (i.e. it has the highest statistical probability under the defined base substitution model). The obvious limitation of this method is that an assumptive model of base substitutions is required prior to the phylogenetic analysis (23) .
A recent technique for inferring relationships based on sequence data which is apparently immune to variable rates of nucleotide substitutions among taxa is the method of operator invariants (37) . Although currently limited to resolving among only four taxa, the method is attractive because it is able to discern phylogenetic relationships under conditions which cause maximum-parsimony and distance methods consistently to choose the wrong tree; however, Lake's method (37) , unlike the maximum-parsimony and distance methods, relies on relatively rare transversions. This limits the utility of Lake's method to resolving relationships among distantly related taxa where rare base substitutions are more likely to occur.
CONCLUSIONS
The application of DNA methodology to nematode diagnosis, classification and phytogeny is still an emerging field, especially as it relates to infections of veterinary importance. One limitation in the past has involved achieving sufficient sample quantities and in purified form for analysis; however, with the advent of techniques such as the polymerase chain reaction and the generation of repetitive and specific DNA probes, these problems are rapidly being circumvented. DNA analysis has the distinct advantage of permitting diagnosis at any stage of development and obviates the problem of variability and stage specificity that can result in the analysis of products from gene expression. Further, the use of DNA analysis is more likely to result in an unambiguous interpretation of the data by removing a level of subjectivity required in assessing morphological and biological characters.
The diagnosis and classification of T. spiralis presents a particularly interesting problem. While evidence has been advanced suggesting a separation of seven different gene pools within the genus (39, 47) , the species-level classification of these gene pools remains a question. Perhaps the basic question of gene flow among gene pools within Trichinella, and therefore classification of this genus, may be more accurately addressed by identifying repetitive DNA elements with sufficient specificity and ubiquity within the respective gene pools to study the transfer of genetic material. Sequencing of variable and semi-variable regions within rRNA gene sequences can also assist in the correct classification of this genus; however, the conflicting interpretations of Gill et al. (29) and Nadler (46) illustrate that even when DNA sequence information is available, controversy remains concerning the method of phylogenetic reconstruction. On the other hand, sequence or restriction map data collected for systematic studies can be utilised as reliable genetic markers for diagnostic purposes. Though the classification of Trichinella remains unclear even amidst the immense morphological, biochemical and biological data presently available, this genus serves as an example and possibly a model system for demonstrating the continuing and emerging problems encountered in parasite diagnosis and phylogeny and how solutions to these problems can be addressed by DNA technology. 
